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LOW-FLOW CHARACTERISTICS OF WISCONSIN 

STREAMS AT SEWAGE-TREATMENT PLANTS

By W. A. Gebert and B. K. Holmstrom

ABSTRACT

Low-flow characteristics of Wisconsin streams at 415 sewage -treatment 
plants are presented in this report. The low-flow characteristics presented 
are the annual minimum 7-day mean flow that occurs on the average of once 
in 2 years (Qy 2) an(* the annual minimum 7 -day mean flow that occurs on 
the average of once in 10 years (Qy IQ) .

The low-flow characteristics at most sewage- treatment plants were 
determined by correlating base-flow measurements at the sewage- treatment 
plants to the concurrent daily mean flow at continuous -record gaging stations 
in the area. The Qy 2 and Qy ^Q discharges determined by a frequency 
analysis at the continuous-record gaging stations were used to estimate the 
Qy 2 and Qy,10 at the sewage-treatment plants. For some sewage-treatment 
plants the low-flow characteristics were also determined by frequency 
analysis at nearby continuous -record gaging stations or correlation analysis 
at nearby low-flow, partial-record stations.

The accuracy of the estimated low-flow characteristics is evaluated 
according to the type and amount of data available used to determine the 
low-flow characteristics. The accuracy determined by the standard error of 
estimate for the 10-year low flow (SEio) ranged from 18 percent at 
continuous -record gaging stations to 70 percent when only three base-flow 
measurements were available.

The SE^o of 70 percent is larger than anticipated when the project was 
initiated. This was the result of extremely poor base-flow conditions during 
the 2-year data-collection period.

INTRODUCTION

The purpose of this report is to describe the low-flow characteristics 
of Wisconsin streams at sewage-treatment plants. The study was done in 
cooperation with the Wisconsin Department of Natural Resources. This 
information is needed by the Wisconsin Department of Natural Resources to 
implement water-quality standards for all surface waters of the State. 
The implementation requires that the sewage effluent from all waste sources 
has to be evaluated in relation to the low-flow characteristics of the



receiving stream. Water-quality standards in Wisconsin are based on the 
annual minimum 7-day mean flow that occurs on the average of once in 10 
years (Qy IQ). This report contains estimates of the Qy ^Q along with 
estimates of the minimum 7-day mean flow that occurs on the average of 
once in 2 years (Qy 2) at 4d5 sites in Wisconsin.

For the convenience of readers who may want to use metric units, the 
metric equivalents are given in parentheses following the English units. 
Data presented in the tables may be converted by using the following 
conversion factors:

Multiply By To obtain

Miles (mi) 1.609 Kilometres (km)
Feet (ft) 2 .3048 Metres (m)
Square miles (mi ) „ 2.59 Square kilometres (km ) „
Cubic feet per second (ft /s) .028317 Cubic metres per second (m /s)

LOW-FLOW CHARACTERISTICS

The estimated low-flow characteristics at 415 sewage-treatment plants 
appear in tables 1-30. Information included in the tables for each site 
are project site number; site location; drainage area; measured discharge; 
and accuracy level of the estimated low-flow characteristics. The site 
number is based on the number assigned by the Wisconsin Department of 
Natural Resources (DNR) in reports on pollution-investigation surveys for 
each basin. The number used in the DNR reports has been modified by the 
addition of a letter before each number to help identify the basin. The 
Department of Natural Resources could change the site number when the 
reports are updated; therefore, the year of the report using these numbers 
is shown in each table.

The low-flow characteristics in tables 1-30 supersede the preliminary 
estimates of April 1973, which were based on one discharge measurement at 
each site.

At sites where the stream was dry or where only ponded water was 
present, upstream of the sewage-treatment plant, alternate measuring sites 
were selected. Measurements were obtained at a downstream location if it 
appeared that substantial natural inflow had entered the stream. If 
substantial inflow did hot enter the stream before a flowing stream was 
reached, measurements were obtained on the flowing stream upstream from the 
dry streambed. When the sewage-treatment plant discharged effluent into a 
ponded stream or into a dry streambed, measurements for both the sewage- 
treatment-plant site and the alternate site were included in the table.



ANALYTICAL TECHNIQUES

The low-flow characteristics in tables 1-30 were determined by three 
methods of analysis. These methods depended on the type of data available 
at or near the sewage-treatment plant. The 3 basic types of data available 
are: (1) continuous record of daily streamflow (continuous-record gaging 
stations); (2) 8 to 12 base-flow discharge measurements (low-flow, partial- 
record stations); (3) 3 or 4 base-flow discharge measurements (stations 
established for the project). A description of the analysis for the types 
of stations follows.

Gaging Stations

When a sewage-treatment plant was located close to a continuous-record 
gaging station the low-flow characteristics determined at the gaging station 
were used at the sewage-treatment plants.

The low-flow characteristics at gaging stations were determined by a 
frequency analysis of the recorded 7-day annual minimum flows. A log 
Pearson type III probability distribution was used to compute the frequency 
curves which were then compared to graphical plot of the 7-day annual 
minimum flows (Riggs, 1972). If the two curves did not agree, a graphical 
interpretation was made to determine Qy 2 and Q7 10 discharge. All the 
available data at the gaging station through the*1972 water year were used 
for this analysis.

Low-Flow, Partial-Record Stations

When a sewage-treatment plant was located near a low-flow, partial- 
record station the low-flow characteristics determined for the partial- 
record station were used at the sewage-treatment plant. The low-flow 
characteristics at the sewage-treatment plant were determined from a relation 
line established by correlating 8 to 12 base-flow discharge measurements at 
these stations to the concurrent discharge at continuous-record gaging 
stations in the area (Gebert, 1971). The Qy 2 anc* $7 10 at t*ie continuous- 
record gaging stations were then transferred'through £he relation line to 
estimate Q7,2 and Qy 10 for the partial-record station.

Project Stations

Most of the estimated low-flow characteristics contained in this report 
are based on three or more base-flow measurements at each sewage-treatment 
plant. The base-flow measurements at these sites were correlated with 
concurrent daily mean flow at continuous-record gaging stations in the area. 
The slope of the relation was compared to the established relation line 
at nearby low-flow, partial-record stations and other sewage-treatment-plant 
outfall sites for uniformity. If the factors that largely influence low 
flow are uniform in the area, the relation lines should have the same slope. 
The slope of relation line was adjusted to agree more closely to a regional



slope, defined by the low-flow, partial-record stations, when the points 
defined by the three discharge measurements had a fairly large scatter.

The Qy 2 an(* Qy 10 discharges, determined by a frequency analysis at 
the continuous-record gaging stations were then transferred through the 
relation line to estimate the Qy 2 an(* Qy IQ at the sewage-treatment plants. 
Figure 1 illustrates this method of correlation. The frequency analyses at 
the gaging stations included the entire period of record at each station 
through the 1972 water year.

At some sites the relationships were not adequate to determine the 
low-flow characteristics for several reasons. The major cause was extremely 
poor base-flow conditions during most of the 2-year data-collection period. 
Numerous rains created probable nonuniform, base-flow recession patterns in 
various basins. A comparison of the long-term mean-monthly discharge with 
the monthly mean discharge during the 1972 and 1973 data-collection period, 
at 12 gaging stations, showed that discharge was considerably greater than 
normal. The May through October discharge was 68 percent greater than 
normal during 1972 and 86 percent greater than normal during 1973. The 
difference in discharge is illustrated in figure 2 for the Fox River at 
Wilmot and the Jump River at Sheldon gaging stations. The discharge at the 
Fox River had the greatest departure from normal for the 12 stations 
(181 percent), while the discharge at Jump River was the least departure 
from normal (18 percent).

Another reason for the poor definition of the relation line is that 
three measurements are not adequate in some basins. This is generally true 
in areas of low base flow and reflects the large differences in geologic 
and evapotranspiration characteristics in the basin. In these areas, 
additional measurements would be required to acquire the same degree of 
accuracy defined in basins with consistent characteristics.

ACCURACY

The Qy 2 and Qy ^Q low-flow characteristics in tables 1-30 are estimates 
of flow expected in £he future. The estimates are based on data that was 
collected at each site and analyzed by several methods. Each estimate has 
an error associated with it, dependent on the amount and kind of data and 
on the analytical method. The two major sources of error in the estimates 
are the time-sampling error in collecting the data and the error in the 
analytical method.

The accuracy associated with different methods used to develop the 
low-flow estimates is shown in table 31. The accuracy is determined by the 
standard error of estimate for the 10-year low-flow event (SEio)• T^e 
estimated low-flow characteristics are within the SE^Q 67 percent of the 
time. An explanation of how the accuracy was determined for each method 
follows.
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Gaging Stations

The accuracy for low-flow characteristics determined from recorded 
discharge at continuous-record gaging stations was determined according to 
Hardison (1969). By analyzing all the gaging station records in Wisconsin, 
with the assumption that 10 years of record were available at each site, 
a SEio of 18 percent was determined. This is indicative of the relative 
accuracy level associated with sewage-treatment plants that utilized gaging 
station data for definition of the low-flow characteristics. An accuracy 
level indicated by the letter "a" appears in table 1-30 following the 
low-flow characteristics that have this degree of accuracy.

Low-Flow, Partial-Record Stations

The accuracy of low-flow characteristics at low-flow, partial-record 
stations can be appraised by a method outlined by Hardison (1972). Using 
this procedure an average SE^Q of 29 percent was determined for 265 low-flow, 
partial-record stations. This SE^o is assumed to be typical of the accuracy 
for sewage-treatment plants where the low-flow characteristics were 
determined by use of low-flow, partial-record station data. Low-flow 
characteristics in tables 1-30 determined by this method have an accuracy 
level indicated by the letter "b".

Project Stations

The accuracy of the low-flow characteristics at sewage-treatment plants 
at stations that were established for this project can't be appraised 
directly. Therefore, the data collected at low-flow, partial-record stations 
were analyzed to approximate the accuracy associated with the low-flow 
characteristics based on only three base-flow measurements.

Three random base-flow measurements were selected from the 8 to 12 
measurements that are available at 265 low-flow, partial-record stations. 
Estimates of the low-flow characteristics were determined from these three 
measurements using the same procedure used for sewage-treatment plants. 
The estimated flow characteristics then were plotted against the low-flow 
estimates based on 8 to 12 measurements. From this relationship the SE 
between the two estimates was determined. The overall SE^Q then can be 
approximated by taking the square root of the sum of the squares of SE 
of the above relationship and the SE^Q determined for low-flow, partial- 
record stations. This resulted in a SE-^Q of 45 percent. Unfortunately 
poor base-flow measuring conditions during the 1972-73 period didn't define 
relationships that would provide estimates with that degree of accuracy.

Based on a similar analysis as above, 56 low-flow, partial-record 
stations in northern Wisconsin have a SE^Q °^ about 54 percent. These 
sites also were measured during the same period when streams at sewage- 
treatment plants were being measured. Using only these measurements, the 
56 low-flow, partial-record stations had a SE of about 77 percent.



The SEiQ based on three discharge measurements was higher for the 56 
low-flow, partial-record stations than the 265 stations (54 percent compared 
to 45 percent), therefore the overall or average SE^o at all the sewage- 
treatment plants probably would be about 70 percent. Low-flow characteristics 
in tables 1-30 determined by this method have an accuracy level indicated 
by the letter "c".

The accuracy of the low-flow characteristics also differs for areas of 
the State. To illustrate this variation in accuracy, values of SE-^Q are 
listed for major Wisconsin basins in table 32. These values of SE^o were 
determined at low-flow, partial-record stations and were based on 8 to 12 
base-flow measurements during the 1961-73 period. These values at low-flow, 
partial-record stations probably are considerably lower than the SE10 
associated with low-flow characteristics at sewage-treatment plants. 
However, they can be used as a guide to evaluate the relative accuracy of 
low-flow estimates at sewage-treatment plants for different basins. For 
example, the SE^Q at low-flow, partial-record stations in the Bad Axe River 
basin is 10 percent. This is considerably lower than the average SE-^Q of 
29 percent for all river basins in the State. Therefore the SE^Q for 
sewage-treatment plants in the Bad Axe River basin probably is considerably 
less than the SE^o of 70 percent determined as the average for all river 
basins.

PLANS FOR THE FUTURE

This study is a continuing project and at least three more base-flow 
discharge measurements are planned at each site. These additional discharge 
measurements will be made when streamflow conditions are much closer to 
the Qy 2 discharge. The collection of additional data will require that 
the relationship used to determine the low-flow estimates be reviewed and, 
if necessary, revised. The increased number of measurements, along with 
the greater range in discharge measured at each site, should improve the 
accuracy of the estimates (lower SEio) and provide more uniform results 
throughout the State .
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TABLE 32 . — Standard error of estimate for the 10-year low-flow event (SE-.J for major 
Wisconsin basins at low-flow, partial-record stations.

Basin ^m *n Percent

Bad Axe River 10
Baraboo River 11
Black River 38
Lower Chippewa River 25
Upper Chippewa River 40
Duck - Pensaukee Rivers 52
Fox River (Illinois) 3S
Lower Fox River 44
Upper Fox River 20
Grant, Platte and Galena Rivers 21
La Crosse River 5
Letnonweir River 15
Manitowoc River 48
Menominee River 28
Milwaukee River 40
Oconto River 17
Pecatonica River 16
Peshtigo River 17
Lower Rock River 36
Upper Rock River 71
Root River 144
Sheboygan River 48
St. Croix River 28
Sugar River 12
Lake Superior 35
Trempealeau - Buffalo Rivers 13
Twin - Kewaunee Rivers and Door County Insufficient data
Lower Wisconsin River 11
Upper Wisconsin River 33
Wolf River 23

Average (weighted) 29

98



REFERENCES

Gebert, W. A., 1971, Low-flow frequency of Wisconsin streams: U.S. Geol. 
Survey Hydrol. Inv. Atlas HA-390.

Hardison, C. H., 1969, Accuracy of streamflow characteristics in Geological 
Survey research 1969: U.S. Geol. Survey Prof. Paper 650-D, 
p. D210-214.

Hardison, C. H., and Moss, M. E., 1972, Accuracy of low-flow characteristics 
estimated by correlation of base-flow measurements: U.S. Geol. 
Survey Water-Supply Paper 1542-B, 55 p.

Riggs, H. C., 1972, Low-flow investigations: Techniques of Water Resources 
Investigations of the U.S. Geol. Survey, Book 4, Chap. Bl, 18 p.

Wisconsin Department of Natural Resources, 1965, Report on an investigation 
of the pollution in the Lemonweir and Baraboo River basins and the 
Wisconsin River in the same section made during 1964: Madison, Wis., 
17 p., 1 fig., 3 tables.

_____1965, Report on an investigation of the pollution in the St. Croix 
drainage basin made during 1964: Madison, Wis., 16 p., 1 fig., 
3 tables.

_____1966, Report on an investigation of the pollution in the Lake
Superior drainage basin made during 1965 and early 1966: Madison, Wis., 
15 p., 1 fig., 3 tables.

_____1966, Report on an investigation of the pollution in the lower
Wisconsin River basin made during 1965: Madison, Wis., 33 p., 1 fig., 
3 tables.

_____1967, Report on an investigation of the pollution in the Des Plaines 
and Pike basin made during 1966 and 1967: Madison, Wis., 12 p., 
1 fig., 3 tables.

_____1967, Report on an investigation of the pollution in the Fox (Illinois) 
River drainage basin made during 1966 and 1967: Madison, Wis., 
19 p., 1 fig., 3 tables.

_____1967, Report on an investigation of the pollution in the upper Fox 
River basin made during 1966 and early 1967: Madison, Wis., 21 p., 
1 fig., 3 tables.

1967, Report on an investigation of the pollution in the Root River
basin made during 1966 and 1967: Madison, Wis., 17 p., 1 fig., 3 tables.

99



__1968, Report on an investigation of the pollution in the lower Fox 
River and Green Bay made during 1966 and 1967: Madison, Wis., 47 p., 
11 figs., 13 tables.

__1968, Report on an investigation of the pollution in the Milwaukee 
River basin made during 1966 and 1967: Madison, Wis., 25 p., 1 fig.,
3 tables.

__1969, Report on an investigation of the pollution in the Black River 
drainage basin made during 1968: Madison, Wis., 17 p., 1 fig.,
4 tables.

__1969, Report on an investigation of the pollution in the Manitowoc 
River drainage basin made during 1968: Madison, Wis., 16 p., 1 fig., 
4 tables.

__1969, Report on an investigation of the pollution of the Menominee 
River and its tributaries in Wisconsin made during 1968: Madison, 
Wis., 13 p., 1 fig., 7 tables.

__1969, Report on an investigation of the pollution in the Oconto 
River basin made during 1968: Madison, Wis., 10 p., 1 fig., 6 tables.

__1969, Report on an investigation of the pollution of the Peshtigo 
River and its tributaries made during 1968: Madison, Wis., 11 p., 
1 fig., 6 tables.

__1969, Report on an investigation of the pollution in the upper 
Rock River drainage basin made during 1967-68: Madison, Wis., 
21 p., 1 fig., 5 tables.

__1970, Upper Chippewa River: Madison, Wis., Pollution Inv. Survey, 
17 p., 3 figs., 8 tables.

1970, Sheboygan River: Madison, Wis., Pollution Inv. Survey, 
"23" p., 3 figs., 4 tables .

1970, Upper Wisconsin River: Madison, Wis., Pollution Inv. Survey, 
~%2 p., 5 figs., 9 tables.

__1971, Bad Axe basin: Madison, Wis., Pollution Inv. Survey, 16 p., 
1 fig., 4 tables.

____1971, Lower Chippewa River: Madison, Wis., Pollution Inv. Survey, 
40 p., 3 figs., 10 tables.

1971, Duck Creek - Pensaukee River: Madison, Wis., Pollution
Inv. Survey, 15 p., 1 fig., 3 tables.

100



1971, Grant - Platte basin: Madison, Wis., Pollution Inv. Survey,
22 p., 1 fig., 4 tables.

__1971, La Crosse River: Madison, Wis., Pollution Inv. Survey, 
17 p., 1 fig., 4 tables.

__1971, Pecatonica River: Madison, Wis., Pollution Inv. Survey, 
"30" p., 1 fig., 5 tables.

__1971, Lower Rock River: Madison, Wis., Pollution Inv. Survey, 
35 p., 4 figs., 5 tables.

_1971, Sugar River: Madison, Wis., Pollution Inv. Survey, 19 p., 
1 fig., 6 tables.

__1971, Twin, Door and Kewaunee drainage basins: Madison, Wis., 
Pollution Inv. Survey, 21 p., 4 figs., 4 tables.

__1971, Wolf River: Madison, Wis., Pollution Inv. Survey, 35 p., 
3 figs., 7 tables.

1972, Trempealeau and Buffalo Rivers: Madison, Wis., Pollution
Inv. Survey, 20 p., 1 fig., 4 tables.

U.S. GOVERNMENT PRINTING OFFICE: 1975-651-717/42

101












